Bendamustine demonstrated synergistic efficacy with bortezomib against multiple myeloma (MM) cells in vitro and seems an effective treatment for relapsed-refractory MM (rrMM). This phase II study evaluated bendamustine plus bortezomib and dexamethasone (BVD) administered over six 28-day cycles and then every 56 days for six further cycles in patients with rrMM treated with p4 prior therapies and not refractory to bortezomib. The primary study end point was the overall response rate after four cycles. In total, 75 patients were enrolled, of median age 68 years. All patients had received targeted agents, 83% had 1-2 prior therapies and 33% were refractory to the last treatment. The response rateXpartial response (PR) was 71.5% (16% complete response, 18.5% very good PR, 37% partial remission). At 12 months of follow-up, median time-to-progression (TTP) was 16.5 months and 1-year overall survival was 78%. According to Cox regression analysis, only prior therapy with bortezomib plus lenalidomide significantly reduced TTP (9 vs 17 months; hazard ratio ¼ 4.5; P ¼ 0.005). The main severe side effects were thrombocytopenia (30.5%), neutropenia (18.5%), infections (12%), neuropathy (8%) and gastrointestinal and cardiovascular events (both 6.5%). The BVD regimen is feasible, effective and well-tolerated in difficult-to-treat patients with rrMM.
INTRODUCTION
Multiple myeloma (MM) is one of the most common haematological malignancies and is characterized by multiple relapses, reduced response durations and ultimately treatment refractoriness. 1 The introduction of novel agents such as thalidomide, bortezomib and lenalidomide has improved outcomes for patients with newly diagnosed and relapsed-refractory MM (rrMM). 2 Immunomodulatory drugs (IMIDs) and proteasome inhibitors have demonstrated effectiveness, as single-agent or combination regimens, in rrMM. 1 Factors, including the quality and duration of prior response, residual toxicity, and disease and patient characteristics, influence the choice of treatment for patients with rrMM. 3 Although the optimal treatment sequence for patients with rrMM is not clear, retreatment is common following a prolonged response without severe toxicity, 4 or if not, class switching is favoured. Pretreated patients with advanced disease, especially if refractory to available therapies, have a particularly poor prognosis with few options outside of clinical trials. 5 Haemato-oncologists are increasingly faced with managing rrMM patients who experience multiple relapses and progressively shorter response durations, even with novel targeted agents. 6 There is therefore an urgent need for improved therapeutic options for rrMM patients and for agreement on an optimized treatment sequence that focuses on obtaining the optimal duration of remission first-line and in early lines of treatment to maximize outcomes.
Bortezomib regimens have demonstrated marked activity in rrMM, particularly when combined with dexamethasone or liposomal doxorubicin. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] These combinations are associated with partial remission (PR) rates of 50-70% and median time-toprogression (TTP) of 6-11 months in populations mainly pretreated with alkylators or, to a lesser extent, thalidomide. 10, 12, [17] [18] [19] [20] Bendamustine is a hybrid-alkylating agent comprising a purinelike benzimidazole ring and nitrogen mustard group. It has a unique mechanism of action compared with most conventional alkylators, eliciting more extensive and durable DNA damage, resulting in cell death by mitotic catastrophe, higher levels of p53 activation and induction of p53-dependent genes. [21] [22] [23] This alternative cell death pathway and potent activation of apoptosis may partially explain bendamustine's effectiveness in alkylator-resistant cells. 24 Bendamustine has been successfully used in Hodgkin's disease, follicular and aggressive non-Hodgkin's lymphomas, chronic lymphocytic leukaemia, myelodysplastic syndrome, breast and lung cancer. 25 After phase I assessments, 26 several trials evaluated bendamustine alone or combined with new drugs in patients with MM. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] Bendamustine demonstrated a predictable and manageable toxicity profile, mainly comprising neutropenia, thrombocytopenia, mucositis and infections. Moreover, its pharmacokinetics were unaffected by impaired renal function, which is common among MM patients. Bendamustine combined with prednisone was also more effective than melphalan-prednisone in front-line MM patients ineligible for transplantation. 40 Bendamustine is approved in Europe, but not the United States, for newly diagnosed MM patients aged 465 years with neuropathy who are ineligible for thalidomide or bortezomib. Therefore, most patients with de novo MM continue to be treated with classical alkylators rather than bendamustine. Although seldom used front line, bendamustine shows incomplete cross-resistance with other alkylating agents, making its potential use in salvage therapy particularly attractive.
In preclinical studies, bortezomib enhanced the in vitro sensitivity of MM cells to bendamustine. 41 Moreover, bendamustine was more effective in patients washed out from bortezomib by at least 6 months. 33 These observations provided the rationale for our study, namely to evaluate bendamustine plus bortezomib and dexamethasone (BVD) in patients with rrMM not refractory to bortezomib and with moderately advanced disease.
A recent phase I study determined the maximum-tolerated dose of bendamustine plus bortezomib without apparent doselimiting toxicities. 37 However, several doses and schedules of bendamustine plus bortezomib had already been used in phase II studies, with variable results and toxicities, before publication of these phase I results. [33] [34] [35] [36] The aim of the present phase II study was therefore to assess the efficacy and toxicity of BVD as induction and consolidation therapy in patients with rrMM. Patients achieving a responsepPR were taken off study. Patients experiencing XPR received two additional induction cycles followed by a 12-month consolidation phase with cycles repeated every 2 months. Therefore, patients with a PR after the induction phase could receive up to 18 months of treatment and 12 BVD cycles.
SUBJECTS AND METHODS

Study design and protocol
Patients
Eligible patients had: age 18-85 years; Eastern Cooperative Oncology Group performance status p2; life expectancy X3 months; measurable disease (410 g/l monoclonal gammopathy or 4200 mg per day proteinuria); and rrMM after autologous stem cell transplantation (ASCT) or conventional chemotherapy but treated with p4 prior therapies. All previous MM therapies, including radiation, cytostatic therapy and surgery, had to be completed X4 weeks before initiating study treatment without corticosteroid therapy. Eligible patients also had: absolute neutrophil count X1.0 Â 10 9 /l; platelet count X75 Â 10 9 /l; creatinine clearance 430 ml/h; total bilirubin p1.5 mg/dl; and aspartate aminotransferase/alanine aminotransferase p2 Â upper limit of normal or p5 Â ULN, if hepatic lesions were present. Eligible patients were free of prior malignancies for X5 years with the exception of curatively treated basal cell, squamous cell carcinoma of the skin or carcinoma in situ of the cervix or breast use of effective contraception was mandatory for fertile patients during, and 6 months after, study treatment.
Patients were excluded if they had: used any other experimental drug or therapy within 28 days of baseline; known hypersensitivity to study drugs; previously received bendamustine; refractoriness to bortezomib; a remission duration o6 months with prior bortezomib regimen; peripheral neuropathy Xgrade 2; heart disease (New York Heart Association grade III-IV); uncontrolled diabetes or glaucoma; prior allogeneic stem cell transplantation; concurrent use of anticancer treatments not permitted in the treatment plan; known positivity for human immunodeficiency virus, or hepatitis B or C.
Varicella-zoster virus prophylaxis with acyclovir or valacyclovir and of Pneumocystis jirovecii with trimethoprim sulphamethoxazole were mandatory, whereas antibacterial prophylaxis was not. However, after an interim analysis of the first 30 enrolled patients revealed an excess of pneumonia, quinolone prophylaxis was recommended during the first four BVD cycles.
Assessments
The primary end point was achievement of a response XPR (i.e. overall response rate (ORR)) after four BVD cycles according to 2006 International Myeloma Working Group and International Myeloma Foundation, International Uniform Response Criteria for MM. 42 Serum and urine samples were collected for M-protein quantification and disease status every 4 weeks during treatment and every 8 weeks during follow-up. Patients were followed until documentation of progressive disease or death. Toxicity was assessed at each treatment and follow-up visit.
Secondary end points included the rate of acute and late toxicity according to National Cancer Institute Common Terminology Criteria for Adverse Events criteria version 3.0 (NCI-CTCAE v.3.0), complete remission (CR) rate, time-to-response, TTP, progression-free survival (PFS) and overall survival (OS). Disease progression and relapse were assessed using the International Myeloma Working Group criteria. 42 Dose reductions or interruptions/withdrawals were protocol defined. Treatment was withdrawn for: disease progression; unacceptable toxicity; treatment delay 44 weeks; administration of non-study antineoplastic medication; withdrawn consent; investigator decision; pregnancy/insufficient contraception; and lack of follow-up or death.
Statistical methods
Sample size determinations were based on an expected X60% response rate, as previously observed with bortezomib-dexamethasone. 10 Fleming's one-stage design for pilot studies was applied. 43 An ORR p40% with experimental therapy was considered inadequate, whereas an ORR X60% signified a promising candidate for phase III development. The probabilities of type I and II errors were 5% and 20%, respectively, corresponding to a power of 80% and required intention-to-treat cohort of X70 patients. The percentage ORR (CR þ very good partial response (VGPR) þ PR) was calculated along with 95% confidence intervals (CIs). Cumulative dose intensity was calculated as the ratio of expected/ administered dose of drug.
Univariate analysis of the association between each covariate and response XPR was performed by w 2 test (or Fisher's exact test). The association between time-dependent variables and covariates was analysed by Cox regression analysis. A hazard ratio was calculated for each variable. All continuous variables were categorized by clinical judgement or empirically (i.e. according to calculated regression coefficients). Maximum-likelihood values were estimated, and variables with Pp0.1 were included in the multivariate analysis, whereas those with P40.05 were excluded. Estimated hazard ratios and CIs were calculated for all significant variables. Time-to-response, TTP, PFS and OS were assessed by Kaplan-Meier analysis. Time-to-response was defined as the time from treatment start to first detection of response XPR. PFS was defined as the time from initial dose of chemotherapy to disease progression, death or the date of last assessment without any such event (censored observation).
Bendamustine triple regimen in multiple myeloma M Offidani et al TTP was defined as the time from the initial dose of chemotherapy to relapse/progressive disease or censoring. OS was determined by measuring the time from initial dose of chemotherapy to death or last observation (censored). Statistical analysis was performed using Statistical Package for the Social Sciences software (SPSS, Chicago, IL, USA).
RESULTS
Patient disposition
From March 2011 to June 2012, 83 patients were screened and 75 were enrolled ( Figure 1 ). Five patients died during the first cycle before laboratory assessments were performed and 70 were evaluable for ORR. Toxicity and survival parameters were assessed in the intention-to-treat cohort (75 patients). Patients received a median of five induction cycles (range 1-6; sum 346) and three consolidation cycles (range 1-6; sum 58 All patients had received prior treatments, including thalidomide (57%), lenalidomide (54.5%) or bortezomib (46.5%). Patients had received a median of one prior therapy (range 1-4), including alkylators (69%), anthracyclines (29%) and ASCT (44%). Twentyfour patients (32%) were refractory to IMIDs (Table 1) .
Response. Primary end point and impact of baseline variables The response rate XPR after four BVD cycles was 71.5% (95% CI: 66-77%), including 11 CRs (16%), 13 VGPRs (18.5%) and 26 PRs (37%). Also, 14 patients (20%) had disease stabilization. Best ORR assessed during treatment was 77% (Table 2) . Median time-toresponse was 1.2 months (range 0.9-1.4 months) and 78% of patients had responded at 2 months.
According to univariate analysis, only prior treatment with bortezomib significantly reduced the response rate XPR (54.5% vs 86.5%; P ¼ 0.003; Table 3 ). Prior bortezomib treatment was also associated with a lower CR rate (P ¼ 0.064). Although renally insufficient patients had a lower ORR than those with normal renal function (50% vs 73.5%), sample numbers were low and the difference was not statistically significant. (Figures 3 and 4) . Regarding OS, there was no significant difference between patients aged p70 or 470 years (1-year OS: 80 vs 78%; P ¼ 0.918).
Safety
Fifty-five per cent and 20% of patients experienced grade 3-4 and grade 4 treatment-related adverse events (AEs), respectively. Severe AEs occurred in 12 patients (16%: eight infections, one heart failure, one sudden death, one cerebral haemorrhage and one diarrhoea with dehydration). Five patients (6.5%) experienced early death. AEs led to therapy reduction in 15 patients (20%) mainly for peripheral neuropathy (eight patients) and thrombocytopenia (seven patients) and led to protocol discontinuation in eight patients (10.5%) due to thrombocytopenia (three patients), infections (three patients), neuropathy (one patient) and heart failure (one patient) ( Table 4 ). The cumulative dose intensity was, however, 83 and 82% of bortezomib and bendamustine, respectively.
The most frequent severe AEs were thrombocytopenia (30.5%), neutropenia (18.5%), infections (12%; 4% grade 5: one case of septic shock and two cases of pneumonia), neuropathy (8%) and gastrointestinal and cardiovascular events (both 6.5%). The grade 2-4 peripheral neuropathy rate was similar between groups of patients with or without a history of prior bortezomib (21% vs 33%; P ¼ 0.469) or thalidomide (28 vs 26%; P ¼ 0.725) treatment.
Patients aged 470 years had a significantly higher incidence of grade 3-4 thrombocytopenia (22 vs 37%; P ¼ 0.042) and severe infections (7 vs 19%; P ¼ 0.047), and consequently a higher rate of dose reductions (9 vs 34.5%; P ¼ 0.007) and discontinuations (7 vs 15.5%; P ¼ 0.043) by comparison to younger patients. However, the cumulative dose intensity of bendamustine was not significantly lower in older patients compared with younger ones (76 vs 84%; P ¼ 0.389).
Moreover, four of five early deaths occurred in patients aged 470 years. Other baseline patient characteristics and lines of prior therapy had no effect on compliance or toxicity in this study. Bendamustine triple regimen in multiple myeloma M Offidani et al
DISCUSSION
The results of this phase II trial demonstrated that the BVD combination elicited a rapid and high response rate (470%) of good quality (more than a third CR þ VGPR) in patients with rrMM previously treated with targeted agents. Moreover, the BVD regimen was associated with median TTP and PFS durations of 16.5 and 15.5 months, respectively, and a 1-year OS of 78% in the intention-to-treat cohort.
The main outcomes of this study appear similar, and in some regard, better than results reported with the main approved salvage therapy combinations for this setting, such as bortezomibdexamethasone (VD) 10 and lenalidomide-dexamethasone (Rd). 44, 45 The reported response rate obtained with VD and Rd did not exceed 60% and median TTP ranged from 9 to 13.5 months in patients who had mostly been treated with old drugs. Only a small proportion of patients receiving VD and Rd also received thalidomide in the VD and Rd studies, whereas our results with BVD have been achieved in a patient population fully treated with new targeted agents and who might therefore be considered to have a poorer prognosis ( Table 5 ).
The response rates achieved in this phase II study are similar to those obtained in the four main published trials (i.e. ORR: 65-75%) that have evaluated bendamustine combined with bortezomib and steroids. [33] [34] [35] [36] Despite differences in patient populations, median TTP/PFS of our patients previously treated with 1-2 lines of therapy (17 months, 65% at 1 year) are comparable to those reported by Ludwig et al. 34 (13 months) and Rodon et al. 35 (67% at 1 year). The median TTP/PFS achieved with BVD is also similar to the 8-to 9.5-month TTP/PFS duration achieved by Hrusovsky and Heidtmann 33 and Ludwig et al. 34 in patients with more advanced disease. Our findings with BVD and those reported in the literature suggest that the BVD triple regimen has reliable and reproducible efficacy in different patient populations. Moreover, it is interesting that the present study and that reported by Rodon et al. 35 utilized a very similar schedule containing consolidation with 12 treatment courses over 18 months and resulted in comparable results, which are likely better than those obtained by Ludwig et al. 34 with a shorter schedule of therapy (eight courses in 8 months). 34 The response rate of 480% (including 420% CR rate) and median TTP (17 months) with BVD in the subgroup analyses of the Bendamustine triple regimen in multiple myeloma M Offidani et al present study were particularly satisfactory in patients pretreated with thalidomide. Most reported studies with VD or Rd combinations in rrMM have demonstrated a detrimental effect of prior thalidomide treatment on the response rate and median TTP duration, 46-48 which was not evident with BVD in our study. This observation suggests that bendamustine may be able to overcome the hypothetical resistance induced by pretreatment with thalidomide. Moreover, the efficacy of BVD in patients previously treated with standard-or high-dose alkylating agents in our study was similar to that of the entire study population, indirectly suggesting that bendamustine has no cross-resistance with other alkylators. Similar results were reported with a triple therapy VTD (ORR ¼ 86%; TTP ¼ 19 months) in a recent published study. 49 Nevertheless, all patients included in this trial were in first relapse after transplant and less than a quarter of them were previously treated with new drugs. None had received prior lenalidomide (Table 5) . Therefore, although better outcomes were expected with triplet therapy, the comparison among studies should be viewed with caution because of differences in patient populations, particularly regarding prior treatment that appears the most important prognostic factor for response and survival. In this regard, notably, prior treatment with lenalidomide, lenalidomide plus thalidomide and refractoriness to lenalidomide had a negligible impact on outcomes achieved by patients treated with BVD combination in our study. This finding is in contrast to results in other similar published studies, 34, 35 in which pre-exposure to IMIDs was significantly associated with a lower response rate and shorter TTP. Unfortunately, there are no data regarding the number of patients receiving lenalidomide and the duration of treatment they received in the published studies, so it is not possible to compare them with our present results and draw conclusions. However, from Table 1 it is clear that a substantial proportion of patients in our trial had received lenalidomide for a reasonable duration. According to the literature, the outcome of patients receiving salvage therapies and who had been treated frontline with lenalidomide as maintenance 50, 51 or as induction (i.e., melphalan, prednisone and lenalidomide) and maintenance (MPR plus lenalidomide) 52 are not significantly different from that of patients not exposed to lenalidomide, suggesting that lenalidomide probably does not induce resistant relapse.
Retreatment with the same new drug/regimen represents a suitable choice when prior outcomes have been satisfactory. Recently, Petrucci et al. 48 demonstrated an ORR of 40% and a median TTP of 8.4 months in patients retreated with VD. In our study, patients exposed to bortezomib had a significantly lower response rate and shorter TTP compared with those without prior exposure. Despite this, retreatment with BVD in our study still resulted in a response rate of 55% and median TTP of 11 months (i.e., longer than reported in published studies with VD), suggesting that bendamustine augmented the efficacy of VD. 34 patients pretreated with bortezomib and lenalidomide, and with more than two lines of therapy in our study had the worst outcomes. However, a response rate of 50-60% and median TTP of 9-10 months with BVD in these subgroups could not be defined as a dismal outlook in this difficult-to-treat patient population.
Several trials are evaluating novel second-generation targeted agents, either alone or in combination with dexamethasone, in rrMM patients with some promising preliminary results. 53 Owing to its distinct mechanism of action, and efficacy and acceptable tolerability in rrMM patients who had received prior targeted agents in our study, bendamustine would be a logical choice for further evaluation in combination with novel second-generation targeted agents in clinical trials in this setting.
In our study, the efficacy of BVD was unaffected by disease characteristics, such as age, PS, ISS stage or elevated LDH, suggesting that this regimen is independent of the most important unfavourable prognostic factors in rrMM. Somewhat surprisingly, the six patients with renal insufficiency exhibited the worst response rate and quality of response (50% ORR, 0% CR) and the poorest TTP (median 4.5 months). Although renal insufficiency is a well-known and important adverse prognostic factor in MM, 54 better results were expected in this subgroup of patients with BVD. According to Pö nisch et al., 36 a small number of patients, receiving bendamustine plus prednisone and bortezomib, who had thrombocytopenia had a poorer outcome compared with patients without thrombocytopenia. Similarly, in our study, median TTP was shorter with BVD in patients with thrombocytopenia, although it was still a non-trivial 10 months in duration. The median TTP was also shorter with BVD in eight patients with adverse cytogenetics by comparison to patients with standard risk FISH analysis in our study. The median TTP with BVD was also a non-trivial 10 months in this small subgroup at adverse risk. However, because of the small number of patients in each subgroup, it is not possible to draw clear conclusions on the effectiveness of BVD.
Depth of response to BVD may have an impact on outcomes as suggested by the trend towards prolonged median TTP in patients achieving a CR vs other responses.
The BVD regimen was generally well tolerated in our study in patients of median age 68 years, with treatment reductions and discontinuations in 20 and 10% of patients, respectively. These rates are similar to, or lower than, those reported with VD (22-35% reductions and 21-23% discontinuations) 10, 48 and Rd (20% discontinuations). 44, 45 The proportion of patients who discontinued BVD therapy in our study was similar to that reported by Rodon et al.
35 (15 vs 11%) , using the same schedule in patients older than 65 years. However, it is worth noting that in older patients, the BVD dose reduction/interruption rate is two-to threefold higher than that in younger patients. In our study, the discontinuation rate was twofold higher in patients 470 years compared with younger patients. Despite this, the cumulative dose intensity of BVD in older patients was similar to that in younger patients. This may explain the lack of difference in terms of response and survival parameters between the two groups of patients. Mortality rate (6.5%), mainly due to infections, was of concern in our protocol as it was two times the rate reported in trials evaluating dual therapies (Table 5) . Nevertheless, all deaths due to infection occurred in the first 30 patients before antibacterial prophylaxis was recommended. Furthermore, nearly all early deaths occurred in the elderly subgroup of patients (4 of 5 deaths in patients 470 years). Despite being a triple therapy, BVD was associated with similar mortality in our study to bortezomib as monotherapy or dual therapy ( ± dexamethasone) in a retreatment study reported by Petrucci et al. 48 (i.e., 6.5 vs 6%). Median age was similar in the Petrucci study and our study but definitely higher than that in the dual therapy studies (Table 5) . From these data we can argue that mortality depends mostly on age and supportive care rather than on the number of drugs administered. In any case, although BVD had acceptable tolerability in the whole study population of median age 68 years, caution is warranted when considering this triple regimen for patients older Bendamustine triple regimen in multiple myeloma M Offidani et al than 70 years, in which an adapted dose BVD regimen should be considered. Dose-adapted therapy in older patients, regardless of the regimen, is one of the most important recent skill acquisitions in MM treatment. 55 The tolerability findings of our study therefore provide valuable information that should facilitate adequate management of BVD in future studies and in clinical practice.
The incidence of thrombocytopenia in our study and the Rodon et al. 35 study was lower than that reported in the studies of Ludwig (35%) et al. 34 and Pö nisch (42%) et al. 36 As the dose of bendamustine was very similar in the four studies, it could be argued that delaying the second dose of bendamustine (i.e., administering on day 8 as in our study rather than days 2 or 4) may reduce thrombocytopenia. The lowest rate of thrombocytopenia (10%) was seen in the Rodon et al. study, 35 in which bortezomib was administered weekly to patients in first relapse. On the contrary, the highest thrombocytopenia documented in the Pö nisch et al. study 36 may be related to a 21-day instead of a 28-day treatment cycle, despite the lower dose of bendamustine (60 mg/m 2 ) administered. However, the rate of thrombocytopenia in our study (30%) was similar or lower than that reported with VD (30-35%) 10 ,48 but higher than that reported with Rd (17%). 44, 45 In contrast, the rate of severe neutropenia with BVD in our study appears lower than that reported with Rd (18 vs 36%). 44, 45 Infections (mainly pneumonia and sepsis) were the main non-haematologic complication with BVD in our study. However, the BVD infection rate (15-20%) is quite similar to that reported with Rd (15-16%) 44, 45, 56 and VD (15%). 10, 48 Adequate antibiotic prophylaxis should therefore be administered in the first cycles of BVD to reduce this potentially dangerous complication.
Neuropathy is one of the most important side effects with bortezomib therapy. 57 However, in our study, neuropathy was rarely found to be a factor limiting BVD feasibility. Neuropathy was also not a limiting factor in patients previously treated with bortezomib or thalidomide according to similar published studies, [33] [34] [35] [36] whereas it was a concern in patients treated with VTD, 48 in which the incidence was indubitably higher (31%; Table 5 ). Weekly and subcutaneous administration of bortezomib could further reduce the occurrence of troublesome neuropathy. 58, 59 In conclusion, the BVD combination is a feasible and effective regimen in patients with rrMM. This triple regimen appears to be more effective than approved dual regimens, without added toxicities in patients pretreated with IMIDs and with a median of one prior line of therapy. Notably, BVD appears to retain its efficacy in advanced rrMM disease. Caution is warranted in older patients in whom adequate dose adaptation and sound infection prophylaxis are advisable. According to these phase II results, BVD warrants further evaluation in phase III studies in comparison with approved salvage regimens for rrMM.
